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(54) IVIethod for producing caibon 

(57) TTie temperature of a catalyst (3) is heated to 
535*C with an electric furnace (7) for feeding hydrogen 
gas into a reaction tube (1) at a flow rate of 50 cc/min. 
for two hours and reducing the catalyst (3). and thereaf- 
ter reaction gas containing hydrogen and cart)on diox- 
ide in a mixing ratio of 2:1 is fed into the reaction tube 
(1). The carbon cfioxide contained in the reaction gas is 
reduced with hydrogen by coming into contact with the 
catalyst (3), and carbon such as cait>on nanotube is 
precipitated on the surface of the catalyst (3). The car- 
bon nanotube or the lite can be produced under a lower 
temperature and ordinary pressure with no requirement 
for a specific apparatus for high-tenperature and high- 
pressure reaction. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method of 
producing high-functional cartx)n employed for a lithium 
ion battery, adsoit)ent, a liquid aystal material or the 
like. 

Description of the Prior Art 

[0002] Gart)on nanotube. which is a kind of high-func- 
tional cart>on, can be produced by sustaining stable arc 
discharge between carton electrodes in helium gas 
under a high temperature and high pressure. Alterna- 
tively, caibon nanotube can be formed on the fonward 
end of a cathode-side cartK>n elecUode by causing dc 
discharge in an argon gas atmosphere. 
[0003] In a knovm method of obtaining desired cart>on 
having controlled fine structure, amorphous carbon is 
irradiation with an electron beam in a vacuum atmos- 
phere under the presence of an active metal or a cartoon 
material is in-adiated with an electron beam accelerated 
at a voltage exceeding a prescribed level. 
[0004] In a conventional method of producing cart>on 
nanotube, an important parameter influencing the yield 
thereof is the pressure of inert gas. and the internal 
pressure of a reactor must be kept at least 90 atm. 
Thus, a sp^ic reactor is required. 
[0005] The metfiod of controlling the fine structure of 
caxbon by irradiating the carbon material with an elec- 
tron beam is unsuitable for mass production. 

SUMMARY OF THE INVENTION 

[0006] The objective of the present invention is to ena- 
ble production of high-functional carbon such as cartjon 
nanotube or production of cartxKi ly oontrolOng a fine 
structure under a lower temperature and ordinary pres- 
sure. 

[0007] In order to produce high-functional cartoon such 
as cart)on nanotube under a lower temperature and 
ordinary pressure according to tfie present invention, 
reaction g^ containing at least cartx>n dioxide and 
reducing gas is tiroughl into contact with a transition 
metal catalyst at a reaction temperature of 400 to 900*^0 
for reducing the carbon dioxide contained in the reaction 
gas with hydrogen, thereby precipitating carbon such as 
cart>on nanotube on the surface of tiie catalyst Hydro- 
gen or metiiane can be employed as the reducing gas. 
[0008] When heating ttie transition metal catalyst to 
400 to 900*0 and bringing tiie reaction gas contairting 
cart>on dioxide and reducing gas into contact witii the 
catalyst the carbon dioxide contained in the reaction 
gas is reduced with tiie redudng gas to precipitate car- 
bon such as carbon nanotUbe on tiie surface of the cat- 



alyst 

[0009] In order to produce cartwn by oontroUing a fine 
slnjcture under a lower temperature and ordinary pres- 
sure according to tiie present invention, reaction gas 
) containing a carbon compound is brought into contact 
witii a transition metal catalyst at a reaction temperature 
of 400 to 900**C for producing carbon having a different 
fme shucture by changing tiie type of tiie catalyst or the 
reaction condition when precipitating caibon on the sur- 

w face of tiie catalyst 

[0010] When heating the catalyst at 400 to 900*^0 and 
bringing tiie reaction gas into contact witii tiie transition 
metal catalyst Ibr reducing the carbon compound con- 
tained in the reaction gas and predpitating carbon on 

15 tiie surface of the catalyst, the fine stiucture of the pre- 
cipitated cartwn Is varied witti tiie type of tiie catalyst or 
tiie reactton condition. 

[001 1 ] Examples of high-functional cartx)n are caibon 
nanotube. superfine carbon, nanocapsule. onion graph- 

20 ite, nanopolyhedron and the like. 

[0012] The tiansition metal catalyst emptoyed in the 
present invention is prepared from a transition metal 
(including an oxide) such as nickd (Ni) or cobalt (Co), 
preferably carried by a carrier such as silica or alumina. 

25 A reactor to which tiie present invention is applied is a 
faed or f luidized bed reactor for circulating the reaction 
gas in contact wifli ttie catalyst. The f bced bed reactor is 
charged witti «ie catalyst in a fbced slate, while the fluid- 
ized bed reactor stores tiie catalyst in a f lowable state. 

30 [0013] According to tiie present invention, cartoon 
such as cartx>n nanotube can be precipitated on the 
surface of tiie catalyst by bringing tiie reaction gas con- 
taining at least carbon dio)dde and redudng gas into 
contact witii the franation m^al catalyst at tiie reaction 

35 temperature of 400 to 900*C for reducing tiie carbon 
dio)dde contained in the reaction gas on tiie catalyst. 
Consequently, tiie caibon nanotube or tiie like can be 
produced under a lower temperature and ordinary pres- 
sure witii no requirement for a specific large-sized appa- 

40 ratus. 

[0014] When bringing tiie reaction gas containing a 
cari3on compound into contact witii tiie transition metal 
catalyst at tiie reaction temperature of 400 to 900*C for 
precipitating carbon on ttie surface of tiie catalyst, ttie 
45 fine structu-e of carbon can be cortrdled under a lower 
temperature and ordinary pressure while enabling mass 
production by changing the type of tiie catalyst or tiie 
reaction condition. 

[0015] The foregoing along witti otiier objects, fea- 
50 tures, aspects and advantages off the present invention 
will become more apparent from the following detailed 
description of the present invention when taken in con- 
junction witii the acconrpanying drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 
[0016] 

Fig. 1 schematically Illustrates a cartjon predpita- 5 
tion apparatus to which the present invention is 
applied. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS ^0 

[0017] Fig 1 schematically illustrates a cartdon precip- 
itation c^ratus to which the present invention is 
applied 

[001 8] A quai tz reaction tube 1 of 6 mm in inner diam- is 
e\& and 30 cm m length is charged with a catalyst 3 in 
the range of about 3 cm around its center. The reaction 
tube 1 IS further charged with glass wool 5, 5 on both 
sides of the catalyst 3 for holding the catalyst 3. An elec- 
tric furnace 7 is provided around the reaction tube 1 for 20 
heating the catalyst 3. 

[0019] The reaction tube 1 is supplied with reaction 
gas containing hydrogen and carbon dioxide from one 
opening thereof. Gas is discharged from another open- 
ing of the reaction tube 1 through a valve 9. The oompo- 25 
nents of the gas are detected by switching the valve 9 
and feeding the discharge gas to a mass spectrometer 
1 1 provided as a detection part 

(Example 1) ^ 

[0020] Example 1 is now described as follows with ref- 
erence to Rg 1. 

[0021 ] The reaction tube 1 was charged with granular 
Ni/Si02 (Ni: 50 wt%) composed Ni canied by sHica. 3S 
pr^ared by an alkoxide method, as the catalyst 3. The 
catalyst 3 was heated to a temperature of 535*0 with 
the electric furnace 7, and hydrogen gas was fed into 
the reaction tube 1 at a flow rate of 50 ccAnin. for two 
hours as a pretreatment, for reducing the catalyst 3. 40 
[0022] Then, reaction gas containing hydrogen and 
cartx)n dioxide in a mixing ratio of 2:1 was fed Into the 
reation tube 1. The cartjon dioxide contained In the 
reaction gas was reduced with hydrogen by conning into 
contact with the catalyst 3, and carbon was precipitated 45 
on the surface of the catalyst 3. After the reaction, the 
temperature of the catalyst 3 was 540'*C. 
[0023] In Example 1, the reaction gas contained 
hydrogen. cart>on dioxide, methane. cait)on monoxide 
and water after the reaction. The reaction ratio obtained 50 
from the difference between the quantities of the cart)on 
dioxide contained in the reaction gas before and after 
the reaction was 40 %. 

[0024] After the reaction, the carbon precipitated on 
the surface of the catalyst 3 was observed with a scan- 55 
ning electron microscope (SEM) and a transmission 
electron microscope (TEM), to recognize that the nuclei 
of the generated cart)on were sterically layered with car- 



bon nanotube growing in. on the surfaces of and arourd 
the layered nuclei. 

[0025] When employing a catalyst canying Co in 
place of the catalyst 3 carrying Ni. the crystallinity of 
formed cart>on was reduced although the reaction ratio 
was inae^ed to about 50 %. 

(Example 2) 

[0026] In Exanple 2. it was possit)le to produce super- 
fine cait)on of several 10 nm in size by changing the 
rrvxing ratio of carbon dioxide and hydrogen contained 
in the reaction gas and the temperature of the catalyst 
3. Superfine cart>on is employed for a tire, a battery, an 
adsort^ent or the like. While superfine caibon is gener- 
ally produced by thermally decomposing hydrocarbon 
under a high temperature, the production steps are dis- 
advantageously connpiicated with requirement for a 
large-sized apparatus. 

[0027] The method of producing superfine cart)on is 
described with reference to Fig. 1 . The catalyst 3 was 
prepared from Ni/SiOa, similarly Example 1. 
[0028] The catalyst 3 was heated to a temperature of 
600*C with the electric furnace 7, and hydrogen gas 
was fed into the reaction tube 1 at a flow rate of 50 
cc/min. for two hours as a pretreatment for reducing the 
catalyst 3. 

[0029] Then, reaction gas containing hydrogen and 
carbon dioxide in a mbdng ratio of 3:1 was fed into the 
reaction tube 1 while maintaining the temperature of the 
catalyst 3 at 600*C. The carbon dioxide contained in the 
reacBon gas was reduced with hydrogen by coming into 
contact with the catalyst 3, and carbon such as super- 
line carbon was precipitated on the surface of the cata- 
lyst 3. 

[0030] In Example 2. the reaction gas contained 
hydrogen, carbon dioxide, methane, carbon monoxide 
and water after the reaction. The reaction ratio obtained 
from the difference between the quantities of the cart>on 
doxide contained in the reaction gas before and after 
the reaction was 38 %. 

[0031] After the reaction, the carbon precipitated on 
the surface of the catalyst3 was observed with an SEM 
and a TEM, to recognize predprtation of superfine car- 
bon. 

[0032] When employing a catalyst carrying Co In 
place of the catalyst 3 can-ying Ni. the crystallinity of 
iomed carbon was reduced although the reaction ratio 
was increased to about 45 %. 

(Example 3) 

[0033] As Example 3, a method of controlling the fine 
structure of a produced carbon is described with refer- 
ence to Fig. 1. 

[0034] The reaction tube 1 was charged with granular 
Ni/SiOs (Ni: 50 wt%) of about 150 mg pr^ared a 
sol-gel method and carried by silica as the catalyst 3. 
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Cartx>n was precipitated under the same pretreatment 
the reaction condition for cartx)n precipitation and reac- 
tion c^s composition as those in Example 1 . 
[0035] In Example 3. the reaction gas contained 
hydrogen, cartwn dioxide, methane, cartoon monoxkle 
and water after the reaction. The reaction ratio obtained 
from the difference between the quantities of the caftx>n 
dioxide contained in the reaction gas before and after 
the reation was about 40 %. After the reaction, the car- 
bon precipitated on the surface of the catalyst 3 was 
observed with a TEM. to clearly observe lattices with 
partial formation of onion grapttite and nanopdyhedron. 

(Example 4) 

[0036] In Example 4. another method of controlling the 
fine structure of a produced carbon is described with 
reference to Rg. 1. 

[0037] The reaction tube 1 was charged with granular 
Co/SiOg (Co: 50 wt%) of about 150 mg prepared by a 
sol-gel method and earned by sSica as the catalyst 3. 
Cart>on was precipitated under the same pretreatment 
reactton condition for cartDon precipitation and reaction 
gas conposition as those in Example 1. 
[0038] Also in Example 4, the reaction gas contained 
hydrogen, carbon diowde, methane, cartDon monoxide 
and water after the reaction. The reaction ratio obtained 
from the difference between the quantities of the carbon 
dioxide contained in the reaction gas before and after 
the reaction was about 40 %. 
[0039] After the reaction, the carbon precipitated on 
the surface of the catalyst 3 was observed with a TEM, 
to find that lattices were disordered and the quality of 
the carbon was Inferior as compared with Exanple 3. 
[0040] The catalyst employed in the present invention 
is not restricted to the above but can alternatively be 
prepared from a metal or a metal oxide other than the 
above. The catalyst preparation method is not restricted 
to the above either but the catalyst can be prepared by 
an Impregnation method, for exanple. When employing 
a catalyst prepared by an impregnation method, formed 
cartx>n has a fine structure similar to that In Example 4. 
[0041 ] Further, the present invention is not restricted 
to the reaction between cart)on dioxide and hydrogen 
caused in Examples for forming cartx>n and water, but 
reaction between methane and cartx)n dioxide for fam- 
ing cartx)n and water or deconrposition of methane is 
also employable. 

[0042] Although the present invention has been 
described and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and example 
only and is not to be taken by way of limitation, as the 
spirit and scope of the present invention is limited only 
by the terms of the appended claims. 

Claims 
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gas containing at least carix)n dioxide and reducing 
gas into contact with a transition metal catalyst at a 
prescribed reaction temperature of 400 to 900^C 
and reducing said caft>on dioxide thereby precip- 
tatingcari3ononthe surface of said catalyst 

2. The method of producing caibon in accordance 
with daiml, wherein 

said reducing gas is hydrogea 

3. The method of producing caitXMi in accordance 
withdaim l.whertin 

said transition metal catalyst is granular 
Ni/SiOe composed of carried by silica, pre- 
pared by an alkoxide method. 

4. The method of producing caibon In accordance 
with daiml. wherein 

said transitfon metal catalyst is granular 
Co/SiOa composed of Co carried fc>y silica, pre- 
pared by an alkoxide method. 

5. A method of producing cartDon by bringing reaction 
gas containing a caitx>n compound into contact 
with a transition metal ca^dyst at a presaibed reac- 
tion temperature of 400 to QOC^C ther^y predpital- 
ing carbon on the surface of said catalyst 

for produdng cartxDn having a different fine 
staicture by changing a carbon precipitation 
condition. 

6. The method of producing cart»n in accordance 
wifli daim 5. wherein 

the type of said catalyst is changed as said car- 
bon predpltation condition. 

7. The method of produdng carbon in accordance 
wttti daim 6. wherein 

said catalyst is selected from granular Ni/Si02 
and Co/Si02 prepared by a sol-gel method and 
carried by silica. 
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1 . A method of produdng cartwn by bringing reaction 
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